Most woody ornamentals are faced with two distinct growing environments: the nursery and the landscape. Intensive management conditions in the nursery are primarily geared to promote vigorous growth (Wright and Niemiera, 1987) , whereas less than optimal conditions await these plants in the landscape (Harris, 1992; Whitcomb, 1986) . Most natural environments, including urban landscape settings, are continuously suboptimal with respect to one or more environmental parameters, such as water or nutrient availability (Chapin, 1991) . Thus, transplant from a nursery into a landscape setting creates a stressful transition period, critical to the survival and establishment of these plants (Whitcomb, 1986) . Substantial research has been devoted to this area of transplant and establishment in the landscape including aspects of production method, root and shoot pruning practices, water relations, mulching, time of planting, planting hole characteristics and backfill composition and type (see Harris, 1992, and Whitcomb, 1986 , and references therein). The impact of fertility practices and plant nutritional status at the nursery on plant growth and establishment in the landscape has, however, received limited attention.
Hydroponically grown birch seedlings are able to adapt their shoot and root growth, after a lag phase, to abrupt changes in N supply (Ingestad, 1979; Ingestad and Lund, 1979) . Furthermore, the apparent N deficiency symptoms developed after the sudden change in N supply disappeared over time and the plants maintained a healthy leaf color and appearance across a range of tissue N concentrations. Interestingly, the methodology employed in these experiments emulated the nursery-landscape transition experienced by a woody ornamental, namely the abrupt change from the intensively managed N fertilization in the nursery (Wright and Niemiera, 1987) and the low N fertility conditions commonly found in landscape soils (Harris, 1992) . Furthermore, these results ment) were harvested on 19 June 1995 [4 weeks after transplant (WAT)] and on 5 Sept. 1995 (16 WAT) . Each plant was hand-dug with an average rootball of 60-cm-diameter by 30-cm-deep, and rootballs were carefully washed free of soil. Harvested plants were then handled and processed after the procedures used at the end of the nursery phase [i.e., at transplant (AT)]. Plant growth during the landscape evaluation phase was calculated as total plant biomass 16 WAT minus total plant biomass AT.
Statistical analyses were performed using SAS v. 6.11 (SAS Institute, Cary, N.C.). Regression and segmented-linear analyses, the latter according to Argo and Biernbaum (1996) , were used to evaluate plant growth and nutrient status response variables to applied N concentration.
Results and Discussion
Plant growth responses to N supply during production in the nursery are reported elsewhere (Cabrera and Devereaux, 1998) . Briefly, plant shoot biomass and leaf area increased with N A up to 60 mg·L -1 , but were depressed at higher concentrations, and plant height and root dry mass were linearly depressed with increases in N A . Four weeks after transplant, plant growth responses remained similar to those recorded AT (data not shown), likely influenced by a residual nursery fertilizer effect. By 16 WAT, however, plants that had been grown with higher N supplies in the nursery (120 to 300 mg·L -1 ), some of which had been among the smallest in mass and size at transplant, showed significant responses for most measured growth parameters (Fig. 1) . Shoot biomass and leaf area from plants originally grown at 210 to 300 mg·L -1 N were higher compared to those plants grown at 15 to 60 mg·L -1 (Fig. 1A and B ). Plant canopy diameter response 16 WAT, however, remained similar to that observed AT (Fig. 1C) . On the other hand, the linear negative response of plant height and root biomass to N A observed AT was modified during the 16-week post-transplant evaluation ( Fig. 1D and E) . Here it is noteworthy to observe the recovery . Planting holes (40 cm in diameter and 18 cm deep) were spaced in a 1.8 × 1.8 m grid to prevent any above-and below-ground competition between plants. No fertilizer or organic amendments were applied to the backfill soil or the planting hole at time of transplant, nor used throughout this phase of the study. The plants were thoroughly watered at transplant and at 1-to 3-d intervals (five applications, with ≈2 L per plant per application) during the first 2 weeks to prevent water stress. After this establishment period the plants were nonirrigated, but received a total of 210 mm of rainfall during the experimental period. Two supplemental overhead sprinkler irrigations (7.6 mm each) were, however, needed during a dry period in August. Weeds were controlled both culturally (mechanical and hand weed control) and chemically (Pendimethalin and Isoxaben herbicides according to label recommendations).
Four randomly selected blocks (total of four plants per treat- Fig. 1 . Effect of N application rate during nursery production of crape myrtle on plant growth responses at transplant (AT) and 16 weeks after transplanting (WAT) to a landscape soil with minimum management. Data for AT plants is taken from Cabrera and Devereaux (1998 shown by plants originally grown with high N A , particularly for root biomass, which showed values similar or higher than those recorded in plants grown at the lowest N A .
Despite the significant differences observed at transplant among treatments, initial plant size was not a predictor of plant growth in the landscape. These observations, coupled with the fact that leaf tissue N concentration (Fig. 1G) and color (i.e., greenness or chlorophyll index, Fig. 1H ) for all treatments equalized 16 WAT, point to a significant involvement of initial plant N status and changes or adjustments in the whole plant C to N ratio. Work by Ingestad (1979) and Ingestad and Lund (1979) has shown that when birch seedlings grown under optimum conditions were exposed to suboptimum N supplies they underwent a lag phase, after which growth rate, although lower, was later stabilized. Interestingly, if the rate of N supply was increased again, the rate of growth by the seedlings was correlated with the rate of N supply. These responses highlight the ability of plants to adapt their growth, and to adjust their C to N ratio, according to N supply. Similar to the results observed in birch seedling after changes in their N supply, crape myrtle plants appeared to have a lag phase during the first few weeks after transplant. Thereafter plant growth responses changed significantly and were found to be associated with initial plant N status (tissue N concentration).
Plant N status at transplant (expressed as whole plant N concentration, although leaf N concentration gave similar results) was linearly and positively correlated with total plant biomass production during the landscape evaluation phase (Fig. 2) . Theoretical approaches used to analyze morphological and physiological responses of plants to N availability have, in fact, predicted that relative growth rate is a nearly linear function of whole plant N concentration (Hilbert, 1990) . These observations in crape myrtle substantiate the view that plant growth potential under limiting N resources, as in unfertilized landscape sites, would depend on plant tissue N reserves (Chapin, 1991 ) until a C to N balance is attained (Bloom, 1986; Chapin et al., 1987) . A balanced C to N ratio is considered essential for productivity and survival of plants under the resource limitations of natural environments (Bloom, 1986) . Under this premise plants adjust the expenditure of internal reserves to obtain carbon and N from the environment in approximately constant proportions; if one resource is scarce, reserves of the other are used to procure the first so that both will become proportionally limiting (Bloom et al., 1985; Chapin et al., 1987) .
The dynamics of shoot to root ratio observed in the present study reinforce this ecophysiological premise. Under the managed fertility conditions of the nursery phase, shoot growth was enhanced over root growth with increases in N supply, producing high shoot to root ratios (Fig. 1F) . This plant response is commonly and extensively reported in both the agricultural and ecological literature (Agren and Ingestad, 1987; Bloom, 1986 , Bloom et al., 1985 Chapin, 1988; Chapin et al., 1987; Harris, 1992; Hilbert, 1990; Kozlowski et al., 1991; Marschner, 1995; Wright and Niemiera, 1987) . Shoot to root ratios, however, equalized over 16 WAT under the nonmanaged conditions of the landscape phase (Fig. 1F) . These observations substantiate the concept that plants, particularly those evolving from resource-rich environments (including most cultivated plants), have the ability to compensate for resource limitations and imbalances by adjusting growth and allocation responses that increase the efficiency with which they use the limiting resources (Bloom, 1986; Bloom et al., 1985; Chapin, 1988; Chapin et al., 1987) . Incidentally, the average shoot to root ratio of 4.85 observed in crape myrtle 16 WAT (Table 1) is close to the ratio of 5 to 6 reported for woody plants growing in natural habitats (Harris, 1992; Kozlowski et al., 1991) .
The constancy of tissue N concentration observed across all treatments by 16 WAT (Fig. 1G, Table 2 ) provides additional support to the apparent inherent tendency of plants towards homeostasis (Chapin et al., 1987; Kozlowski et al., 1991) . Further support to this tendency is provided by the equalization of leaf Ca, S and Fe concentrations 16 WAT ( Table 2 ), nutrients that had also been significantly affected by the N fertilization regimes during production. This was confirmed by a test of equality of variances (data not shown), which indicated that the wide variance of the mean observed AT for leaf N, S, and Fe concentrations AT was significantly narrowed by 16 WAT.
It is also noteworthy to observe that tissue concentrations of most nutrients 16 WAT were lower than those observed during nursery production (i.e., AT). Incidentally, nutrient values recorded 16 WAT in this study were well within the range of values reported for similar crape myrtle hybrids (Lagerstroemia indica x L. fauriei) growing in botanical gardens (Mills and Jones, 1996) . Furthermore, despite the differences in tissue nutritional status for plants growing in the nursery and those in the landscape, we could not distinguish major differences in plant aesthetics (namely foliage color and appearance). Harris (1992) has reported that foliage color in many street and landscape trees and shrubs is usually acceptable even when their tissue nutrient status would be considered deficient under production conditions. These observations question the validity of using a narrow or specific set of nutrient diagnostic criteria to assess nutrient deficiencies for both plants growing under nursery production conditions and those growing in the landscape. Table 1 . Components of the segmented linear analyses used to evaluate crape myrtle growth responses at 16 weeks after transplant into a landscape with minimum management. Analyses for plants at the end of nursery growing phase (i.e., at transplant) are reported in Cabrera and Devereaux (1998) . Data used in analyses are presented in Fig. 1 , where correlation coefficients are also indicated for each growth response. Crape myrtle plants flowered during the landscape evaluation phase, with significant differences observed in the timing of flower development and anthesis ( Table 3 ). Plants that had originally been grown with N A of 15 to 60 mg·L -1 developed flower buds and reached full anthesis ahead of plants grown at 120 to 300 mg·L -1 . It is reported that plant size or relative growth rate determines allocation of plant resources to reproduction, and in many plants a size or biomass threshold must be reached before flowering occurs (Bazzaz, 1997; Bazzaz et al., 1987) . The results from the present study suggest that plants grown originally with low to moderate N supplies attained threshold growth rates sooner, which triggered a reallocation of resources to reproduction. The likely faster attainment of a balanced C to N ratio for plants originally fertilized with lower N supplies, and which had an initial low-intermediate N status, could be part of this phenomenon. Bazzaz (1997) indicates that often there is a direct linkage between resource availability, the conversion of these resources to biomass, and allocation to reproductive structures.
The results from this study indicate that besides overall plant growth, plant N status at the end of the nursery phase is a factor that could significantly influence plant performance, particularly growth rates, plant size and flower development, several months after transplant into the landscape. Longer term effects in this regard are, however, unknown and deserve further research attention. On the other hand, it is important to note that, at least under the conditions of the present study, plant survival and establishment per se do not appear to be affected. Not a single plant was lost, and aside from the differences in size and flower timing, all plants were considered aesthetically similar.
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